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HyBRrID PERFORMANCE PROJECT

The combination of turbines and fuel cells is expected to meet the efficiency
targets of advanced Vision21 power plants. While the efficiency benefits of hybrid
plants are well recongized, controlling the flow of power from both the fuel cell
and turbine during load changes is expected to be more complicated than in
conventional power systems. In some hybrid configurations, the fuel cell flows
cannot be abruptly disrupted, yet the turbine engine power needs to be quickly
adjusted to meet changes in load without over or underspeed problems. A variety
of strategies are possible to address this issue, such as adding load, energy
storage devices, or defining new control strategies. Researchers at NETL are
investigating the control strategies with both computer simulations, and with the
experimental Hybrid Performance Project (Hyper) Facility.

Capabilities

The Hybrid Performance Project (Hyper) was initiated by the Office of Science and
Technology at the National Energy Technology Laboratory (NETL), U.S. Department
of Energy to examine fundamental issues related to the dynamic operability of
fuel cell gas turbine hybrid systems. Developing an understanding of dynamic
issues related to the coupling of fuel cell and gas turbine technologies is critical
to responsive control of the hybrid system during transient events. The preliminary
phases of the project have included detailed dynamic modeling of solid oxide fuel cell
(SOFC) gas turbine hybrid and molten carbonate fuel cell (MCFC) gas turbine hybrid
systems. Modeling results led to the development of an experimental fuel cell gas
turbine system simulation facility to examine the effects of transient events on the
dynamics of these systems. The test facility is used to evaluate control strategies
for improving system response to transient events and load following, and to validate
results of dynamic system models. The facility makes use of pressure vessels and
a model controlled burner to simulate the transient behavior of the solid oxide fuel
cell. The air distribution manifold volume, cathode volume and flow impedance of
the fuel cell, as well as the post combustion volume are represented by pressure
vessels in the system so that residence times can be physically simulated. A
reduced order fuel cell model operating in real time is used to control a burner to
simulate the thermal characteristic of the effluent exiting the post combustor of
the fuel cell system. The turbomachinery used in the facility is a single shaft
Garrett auxiliary power unit with a direct coupled turbine, compressor and 120kW
generator connected to a resistive load bank.

Because the fuel cell in the system is simulated by a burner and pressure vessels,
the impact of system transients can be evaluated without risk of damage to the more
fragile fuel cell components. Avariety of fuel cell configurations can be studied by
altering the real-time model used to control the burner. The facility is capable of
simulations for systems up to TMW. The project will provide quantification of
design basis trade-offs between system efficiency and dynamic robustness. Control
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platform capabilities can be demonstrated, and power systems synchronization
and unit load management can be evaluated using the facility. The initial phases
of this hybrids research effort focus on the simulation of a direct fired SOFC gas
turbine hybrid system, with the turbine in a bottoming configuration to recover
waste heat from the fuel cell. The configuration is illustrated in the figure below.
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The Hyper experimental facility and modeling results are available for public
research collaboration with universities, industry and other research institutions.
In addition to planned NETL studies, the Hyper facility is intended to provide a test
platform for novel sense and control strategies that may emerge from university or
small business research projects. Collaboration with academic, non-profit, or
commercial research groups can be arragned under a variety of cooperative
programs, such as a Cooperative Research and Development Agreement

(CRADA), and student or visiting scholar programs.
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